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ABSTRACT

Symmetrical 4- and 5 ports were matched over an octave by applying a matching technique, based on
duality. Internal matching was introduced instead of external ;5 so matching inside the structure for
optimizing the ratio of radial currents to tangential ones.

Introduction

Alrecady many decades ago it has been proved1
that a complete symmetrical, passive, lossless
and reciprocal 5 port (star) had specific proper=
ties if matched : equal power split among the four
arms but, in addition, a 120° phase relation between
adjacent arms nearest the excited arm.

It was Riblet? who recognized that this
matched version could be a very usefull component
for a 6 port network analyser. He succeeded in
matching over almost an octave by using impedance
transformers at the outside of his 5 port.

It will be shown now that instead of this
external matching, we used internal matching,
meaning matching inside the structure. This way
an octave-wide match could easily be obtained and
applied also to a complete symmetrical 4 port (a
cross) ; even to an almost complete one : the well-
known 90° hybrid ring.

A complete symmetrical & port becomes a dege-
nerate directional coupler when matched. However,
when the structure has lost its rotation symmetry
-but still has 2 symmetry planes left over- a 90°
directional coupler is obtained e.g. a branchline
coupler.

Riblet3 has shown, that the coupling becomes
frequency independent if the hybrid is matched.
With his external matching he achieved very, flat
coupling, however, over a limited bandwidth®. We
obtained nearly the double bandwidth by applying
internal matching, while the coupling was still
flat within a few tenths of a dB. All experiments
have been performed in microstrip on 1,5 mm thick
substrate of Et“_'ll.

The symmetrical 5 port

In the disc -used by Riblet- radial -as well
as tangential currents occur in such a relation
that the boundary conditions are fulfilled. This
does not automatically mean a matched condition.
In view of wideband matching it is wise to start
with a configuration, having already the lowest
reflection. This seems to be the ring structure
(Fig. 1a).

If port 1 is excited, we can simplify the
structure by merely considering its half (Fig. 1b).
If we choose the impedance Z_ of the ring equal to
Z,, then : S, = O and P, = P, for w (corres-
ponding to X}It) if we neglec% the )/8° open stub.

At about 24 the power P, as well as P
becomes zero, dueoto the l/& open stub, however,

P, more frequency dependent because port 2 is A/2
further apart. This means that for frequencies
between @ and 2 W P, decreases less selective
than P_. I8 order to®be matched, P, must at least
be equal to Pé. Therefore we made g bypass in
length 2 1  and characteristic impedance Z (Fig.
2a). This Impcdance must be chosen rather igh

(Z 22 t0 3 Z ) because it is a mere correction
of ‘power splitting and matching. This means that
the coupling at both ends of 2 1 -e.g. at port 1
and 3~ will be rather weak, so 2 1c will become

resonant with O)c > wmax. .
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Fig. 1a : ring i =0

Fig. 1b : excitation at port 1

Fig. 2a : matched ring i
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Automatically now we have a compensation of
the reflection, caused by the A/8 open stub. In
order to prevent spurious resonances and to keep
the configuration completely symmetrical, we must
also add a path between C and port 2. As Z_ and
7Z are parallel, we must reduce w_ in order to
keep the total impedance about the same.

Finally we arrive at Fig. 2b. For our frequen-
cy band, w to W , where W isy 2 o.)
the matchlng Has been 5eterm1ned mainly by 1¢
so 1S and Z at quin and by ip , so 1 and Z o
at W . APound the open A/8 sfub can®ve
neglec%ed (Fig. 1b)Tlgo we have a quarter-wave im=-
pedance transformer to be matched, whereas at

w max the influence of this stub is increasing.

Realization

pand 4-8 GHz. The reflection at each port was
smaller than 0,1. The power unbalance was not grea-
ter than % 0,5 dB. The dimensions are given in

fig. 2b.

The complete symmetrical 4 port

A matched -passive, lossless and reciprocal=-
L port is a directional coupler. It can be shown
that this directional coupler degenerates in a
peculiar cross -i.e. without any coupling to the
side arms- if it is completely symmetrical. Well-
known examples are : the resonant cross and ~ring,
having only in-line coupling. However, these are
only narrow band solutions. How can this be rea-
lized broadband ?

A resonant ring can be broadband matched with
a dual resonator, formed by a double impedance
step (Fig. 3a).

This double step has no reflection at f
max. reflection at % f and 1 % f . Almost over
this range (1 : 3) it can be matched by coupling
capacitively with a resonant ring (Fig. 3b).

in order to be symmetrical, we must add a
branchline, so we arrive at fig. %a. Now automa-
tically, the side arms of the cross form short-
circuited A/& stubs. These give some small reflec-
tion, which can be compensated by the ring as well.
However, these A/L stubs restrict the bandwidth
to somewhat more than an octave.

In order to obtain optimum match, the length
of the ring had to be reduced with respect to ls’
which was increased with ten percent, resulting
in the square "ring" (Fig. 4b).

Realization

cbtained : " £ 0,1 ; I > 20 dB for 4 - 8 GHz.
For the dimensions, see Fig. 4b. For microstrip,
we need galvanic coupling, reducing the bandwidth
to almost 25 percent (5,5 - 7 GHz).

The crossed-=branchline coupler

The complete symmetrical 4 port is just a
special case of the branchline coupler.

We only have to make its arms «pair by pair-
of higher (Z ) and lower (Z ) impedances (Fig. 5 )
than before,Pin order to stay matched. Even with
the right ratio Z _/Z_ for 3 dB, it does not auto-
matically mean frgqugncy independent powersplit as
with external matching”’. Its behaviour depends
also on the amount of coupling with the cross and
its resonance frequency f _ , determined by its
iength 2 1 . Empirically ¥e found f 2 1,1 f a

max
reasgnable solution.

As we still have two planes of symmetry, the
90° phase relation between output signals (2 and 3)
still holds as long as the 4 port is matched.
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Fig. 2b : matched 5 port
W =3, WS = 2, Wc = 0.5 mm

1 L3

Fig. 3a : double step
1S = 18 mm = X/z at fo = 5.2 GHz

Fig. 3b : matched combination

Fig. 4a : matched ring-cross

Fig. 4b : matched square ''ring'", coupled:
cape. WS = 2.5 mm, 10 pm Mylar
galv. =2 » 81, = 16 mm

WQ ~ 6.3 .



Realization

_____ Although a planar 3 dB crossed coupler could
be realized for an octave, its performance was
moderate. Therefore, we concentrated on a coupler
having a flatness within a few tenth of 5 gp s an
isolation over 20 dB and a reflection not excee-
ding ten percent. We succeeded in realizing one

with almost 25 percent bandwidth (Fig. 5).

Conclusion

Our general matching principle based on dual-
ity was developed long ago5. For the first time
it has been applied to a complete symmetrical 4-—

and 5 port as well as to a less symmetrical 4 port:

the branchline coupler with 2 branches.

The duality relates to the fact, that in the
structures radial currents i, refer to a series
behaviour, while tangential currents iq) to a
parallel one.

Internal matching may change both currents,
whereas external matching only attacks the radial
currents. Both can even be applied, because inter-
nal matching is most effective at the higher fre~
quencies, external matching at the lower ones,
resulting in a wider band and a greater length®.

If the rings are capacitively coupled instead
of galvanically, almost the double bandwidth can
be achieved. This might be interesting for strip-
line or non-planar microstrip applications.
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Fig. 5 : crossed~branchline coupler
W=3,W =2,VW¥W = 1mnm
S P
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